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/I" 

I . Title of the Inventi o :i 

Coated Polycarbonate Resin Molded Object 

I I . 01 aims 

(1) A polycarbonate resin molded object. with improved 
abrasion resistance in whi oh 

a composition comprising (a) a copolymer of alkoxysiiyl- 
containing acrylic or/and vinyl monomers and another monomer 
co polymer izable with these monomers, (b) a curing catalyst and 
(o) a cross-linking agent is coated/cured to take it as a prime 
oo at layer and 

a composition comprising an organopolysi l.oxane containing oolloi- 
dal silica is :cated/ oured to take it as a top coat layer. 

(2- A coated oo 1 vcarbonat e resin molded oblect according to 
01 aim 1 in which 

one said composition comprising an oroanopoiys i ioxane 
o~ ntainir.q colloidal silica is a oomoosition comorisina at least 



R%-S L - ( JR"' 



\ wiie re 



an ep txy - containing group, R~ is a hydrogen atom or 



ri' is a 



nyaroc arovo 



alkoxyalkyl group or a CN - C 4 acyl grcup, a is 1 3, b is 0 - 
2 and a + b r 3 1 , 

iB.) a hydrolyzace of organic silicon compound expressed by a 
general formula (2/ 

R 4 ? -Si- {OR^ 1 4 c (2) 
(where R 4 is a C : - Ch hydrocarbyl , me thacryloxy , ammo, mercapt j 
group, a fluorine- or chlorine - containing organic group, R r is a 
C : - C 5 hydi Dcarbyl , alkoxyalkyl group or a C : - C 4 acyl group, 
and c is 0 - 3 . i , 

(C) a cclloidal silica and 



ara Lvst . 



(3) A c :ated polycarbonate resin molded object according to 
Claim 2 in which the said orqanccol vs i loxane contaminq colloi- 



lai silica is a composition compr. 



c ^ r cr 



0 ct or said hvdrolvzate ;P) (however, calculated as 



K .-Si - -Jr. ■ - 
by so] id concent ; , 

4 - 334 pit. of said colloidal silica (C! (however, calculated as 
SiO : by solid content.; , however, nc more than 567 pt of (B) and 
(O in total, and 



said curing cataiy 



/St (D) 



oil A coated polycarbonate resin molded object according to 
Claim 3 in which the content of said <B) hydrolyzate is 105 - 

430 pt, the content of said (0) colloidal silica is 10 200 pt, 
and the total of (3) and (C) is no more than 473 pt . 

'5! A coated polycarbonate resin molded object according to 

Claim 1 in which the send (b; curing catalyst is a curing 

catalyst selected from organic acids, amines, metal a oetyiaceto - 
nates and organic titanates. 

■6) A coated polycarbonate resin molded object aoordmq to 



C i a l m 1 l n w:c i :: n t he s a i a o 



:ross-onK;na aaent is a comoouro 



having at least two alcoholic hydroxy 1 groups in one molecule 



.ate: 



and a top coat: :::uaining a silicone resin is coated/ eared 
there -on . 

Generally, pc lycarbcnate resins have been widely used as 
transparent plastic maternal because they are excellent rn 
impact resistance and transparency, but the resins have such 
drawbacks that they are deficient in abrasion resistance and 
solvent resistance and is easily scratched op. the surface as 
well as attacked by organic solvents. Various methods of coating 
with thermosetting resins have been proposed as methods for 
improving these drawbacks, but; it is present situation that a 
fully satisfactory polycarbonate resin has not been obtained. 

For example/ a polycarbonate combining a trialkoxysi lane 
such as met hyl t r 1 alkoxysi lane and phenyl t r ialkoxysi lane , etc. 
with a tet raalkoxysilane such as ethyl silicate, butyl silicate, 
etc. or a mixture with ether resin coatings, etc. have been 
known, but a polycarbonate with all of good abrasion resistance, 
hot water resistance, heat resistance, adherence and pot life of 



- >- -n ^ :p 



impositions are not practical because tney 



pot 



life of coating cr take a long time in curing. Moreover, their 
adherence t ::> polycarbonate substrate is poor. A coating :omposi - 
c ion based or, colloidal silica and hydrolyzate of methyitri- 
methoxys 1 lane has been disclised in Japan Tokkyo 52-39691, this 
cured c Dating film has a sufficient hardness but is deficient in 
flexibility and is extremely difficult to give a good adherer re 
to plastic substrate. Coating compositions containing a mixture 
of one, two or more selected from compounds ccntaining both or 
one of epoxy group and silanol and/or siloxane group, a 1 - 100 
|!m silica fine particle and an aluminum chelate compound nave 
been disclosed in Japan Kokai 53-111335, but the hardness is 
insufficient and reduces due to toiling water miners ion, etc. 
and also the adherence to hi sphered - type p cly cart: rate is poo r 
for these cured coat ma films. Polycarbonate objects with a 



ccmp osit ion containing a thermosetting 



acrvli 



m.er and a JV 



aksorptrve compound as prime coat layer and a heat -cured colloidal 
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a- z u ^eo orcfaroro^ 1 



:xane 



, aoar 



providing poiycaroonace resin mo.aea ot^ec: 



improved arras 1011 resistance, solvent resis- 
tance, cher r :i:al resistance and weather resistance, consequently 
they discovered that the adherence of the top coat layer to a 
polycarbonate resin substrate can be improved by applying a 
prime coating containing an acrylic or vinyl cope lyrr.er with an 
alkoxysilyl group on a side chain, a curing catalyst and a 
cross-linking agent to the polycarbonate substrate and then 
baking to give a prime coat layer, and the abrasion resistance, 
solvent resistance, chemical resistance and weather resistance 
■of polycarbonate resin molded ooiects can be improved by further 
applying a top coating comprising an organopolysiloxarie 
containing colloidal silica too said prime coat layer and then 
baking . 

Namely, this invention is to provide a coated polycarbonate 
resin molded object, with improved abrasion resistance- in which 
a composition comprising ia a copolymer of alkoxysilyi- 
c:ntainmg acrylic cr/and vinyl monomers and another monomer 
oopolymerizable with these monomers, frh a curing catalyst and 
o ; a cross - 1 i. nking agent is coated/cured to take it as a crime 



; a t ^ a T 



poiysilcxaue retraining colloidal silica used as the top coat : s 
a composition comprising at least one selected frcm a group 
composed of the following (A' and (B, 1 , (C) and (D; , 

(A; one, two or more hy irolyzat es selected from epcxy- 
contaimng si lr:co compounds expressed by a general fcrmuia (1) 

Rc-Si - ( IF. 3 • : ( 1 ) 

(where ?r is an epoxy- containing grcup, Po is a hydrogen at'ir or 
a C : -- C 6 hydrocarbyl grcup, R : is a C : - C 5 hydrocarbyl, aikoxy- 
alkyl group or a C: - C 4 aoyl 'group, a is 1 - 3, b is 0 - 2 and 
a + b < 3 ) , 

(B) a hydrclyzate of organcsil icon compound expressed by a 
general fcrmuLa (.2) 

Rl : .-Si- ( 1R E ) • c (2) 
(where F: 4 is .i C : - Ik hydrocarbyl, me t hacryloxy , amino, mercapto 
:?rouo, a fiu:rme- or chlorine- containing organic group, R~ is a 
C : Ck hydrocarbyl, alkoxyaikyi group or a C : - Ct ; acyl group, 
and c is 2 - 3 . ' , 

(C) a collcidai silica and 



epcxy-co:::a:^:r:g s:i: :c: 
formula (1) (however, ca~ 



:uuas extressec 



Rv-Si - (0R : ) $ h : 
by s ol id contieiv: ' , 

i 3) 56 - 550 pt of a hydrolyzate cf organosilicon compound 
expressed by the general formula (2) (however, calculated as 

RVSi - ( Jie . t • .. 
by solid content i , 

tC) 4 - 334 pt of a colloidal silica (however, calculated 
as Siu :: by solid content), however, no more than 567 pt , 
preferably -5 0 - 567 pt of (B' and (C) in total, and 

i.D) a curing catalyst. 

More preferably, the component (E' is 105 - 430 pt , the 
component i-Z- is 16 ■- 200 pt , and the total of oomporient \B} and 
component i'Z) is 121 - 473 pt . If the total of component (B) and 



C'Omp onent 



is .ess tnan 



:ne noint-use errecc reauces; 



if it is more than 567 pt , the flexibility of cured coating film 



markedlv reauces, and it becomes extremeiv difficult 



aunerence 



qive an 



oxv - cent a i n i : : u 



- r^. ^ t 



m c a : 



navirig ire -^yciaoxy group, 

g 1 y e i io x y me t h y 1 t r i me t h :> xy silane 

g 1 y c 1 doxy mo t hy Itrie: hoxy s 1 1 ane 
P - '.3 1 y c i d : xy e t i iy ltri me z hoxy s i i ane 
P - g 1 ye i deo:y e t hy 1 1 r i e t htxy s i 1 a ne 

Y - give i i ::o:ypropyl t r ime: hoxys i lane 
y - g ly z i dtxyp ropy 1 trie::, jxys i 1 ane 

Y - g 1 ye i d:. xypr opy 1 1 r i ( me t hoxy e r h :>xy ) s i 1 ane 
y - '."ivei :i ixypr^pyl tr rare: oxysil Etne 

5 - '."j 1 ye i d ". xybu: \h tri me z hz xy s i 1 ane 

6 - g 1 y z i d-: xybu r y 1 triet hoxy s 1 1 ane 
glye idoxymethyldimet hoxys l lane 

g 1 y z i doxyme t hy I Methyl) :i i me z hoxy s 1 1 ane 
gly iidoxymethyl ; phenyl ) dime tnoxysi 1 ane 
give rioxynoit hy 1 ; vinyl ) dime: hoxysilane 
gly - i-doxynet.hyl ; dimethyl ) met hoxy si 1 ane 
p- gly :i i ~xyetry~_ (methyl ' ii met hoxy si lane 



(Vglycidc'xyhutyl (methyl ; dimet hoxys i 1 ane 
5-glyeidoxyh ut yl (ethyl ; dimethexysilaiie 
O-glycidox'/tutyi (dimethyl: met hcxysi lane 

As specific examples cf silicon compounds having two or 
three g 1 y e i o,oxy g r o u p s , 
bis i" give idexymet hy :.. ) dimeth :xys i lane 
bis i gly ^idcxymethyl ) diethoxysi lane 
bis t giyridcxyet hyl dimethoxysi lane 
bis i gly t idoxyet hy": : diethoxys 1 lane 
bis i gly z idoxypropyl ) iimet hoxys 1 lane 
bis i g lye id cxypropy 1 ) di eth ixysi lane 
tris (give idexy met hyl ) met iioxysi lane 
tris ( glyc idexymet hy 1 ) ethoxys i lane 
t r i s ( gl ye i icxye thy ".. ) met hoxys i. lane 
trisiglyri it xyethy \ ) et hoxys.:. lane 
t r i s ( gly r idoxyp ropy 1 ) met:: jxys i lane 
tris (glyr idoxypropyl ) ethoxysilane 

As specific examples of silicon compounds having a giycidyl 
group , 

give idyl me thylt rimet hoxys i lane 
glyci irylme t hy 1 1 net hoxys i lane 



p - 1 1 1 ? 1 ■ 5. v ' r ■ V 1 t v ' ! ^ ■ h f 1 x/ S " ! Cl ^' 

y- gly iyi propyl t rime tnoxys i lane 

y - gly r idyl propyl t r iecho>xys i 1 a no 

Y - g 1 v - i iyi propyl cri ( me : hoxye t h jxy) s 1 1 ane 

y-'jly - idyl prop yi triace: oxys i lane 

As specific examples of silicon compounds having an 
al icyel ic epo>xy group , 

3,4- CO 1 oxvcv o 1 ohexv 1 me t hv 1 t r i me t n oxys i 1 ane 
3 , 4 -epoooycycic'hexylme thyl tr letn oxys i lane 
3 , 4 -epoxyeycLehexyl ethyl t rime cnoxysi lane 
3 , 4 -epoxycycl chexylp>ropyl t r imethO'Xys i 1 ane 
3,4- epo-xyey c 1 ohexy 1 bu t y 1 1 r i me t hoxys 1 1 ane 
can be given. 

The following organosi 1 icon compounds are given as those 
used m this invention ana shoovn. by said general formula (2) 
being the czmponent (B) . Namely , t r omethylmet hoxys i lane , dimethyl - 
dime theory si lane , methyl t r l me tnoxys l lane , tetraet hoxys l lane , 

phenyl trime t h oxys o 1 ane , pheny I me t hy 1 di me t. hoxys: lane, vony 1 1 r .;. - 
ethoxysiiane , vinyl tri i P-methoxyethoxy) si lane, vmyltriacetoxy- 
si lane , y - met hacryloxypropy 1 1 r imet: hoxys o 1 ane , y - ami nop ropy 1 t ro - 
e: hoxys o lane , X - (3 - ami no et nyl - y - am mop ropy 1 1 r : met hoxys 1 1 ane , X - 
bis . p-hydroxyeth\h ■ - y - am : ncpropyl t r i e t ncxy s 1 1 ane , X- P-amire- 



3.L _ai.c 



propyl t r iniet. hcxys i lane , 



)rganos: 



1 L U , . ; _ O ill " 



;nas may ce 



seed r a t O ^ v 



mixmc 



The ccllcidal silica of said component (C 



a sooi 



oi aive 



by dispersing an ul:rif me 



SlilC 
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anhvdride of 



preferably 1 - ICQ [in in particle size in a dispersion medium, e. 
g., water :r an alcoholic dispersion medium, it is produced and 
marketed by a well-known method. 

The weather resistance of coating film is enhanced and the 
aooearance and hardness after a weather resistance test is 



improved by joint use of these component (B) and c 



with the component JA) . 

One, two or more hydrolyzates selected from epoxy- 
contaming silicon compounds used as component (A) and expressed 
by said general formula <1) and one, two or mere hydrolyzates 
selected from organosol icon compounds used as component \B) and 
expressed by said general formula (2' in this invention include 
those hydrolyzates on which a part or all of alkoxy, alkoxy- 



a 1 k o x v o r a c v 1 o x v q r o u p s are s u b s t it u t e d b v h v 



;ar 



arc; xv a roues are 



. V U: Ji v 



is 1:1 the presence or an acia in a mxe 



cured coating film whitens and also has insufficient abrasion 
res istance . 

When the silicon compounds expressed by said general 
fzrmulas (1) and (2) are used as hycrclyzates , they give better 
results by mixing and co - hy ilrolysis simultaneously than separate 
hy d r o lysis 1 n ma ny c a ses. 

The following catalysts can be used as curing catalysts of 
comp'Onerit (D) in the coating comrositirn for tor coat ayer m 
this invention. Namely, ammonium perchlorate, ammonium nitrate, 
ammonium chloride , ammonium sul f at e , ammonium thio oyanate , 
perchloric acid, hydrochloric acid, nitric acid, phosphoric 
acid, sulfuric acid, sulfonic acid, p - toluenesul f oni c acid, 
boron t ri fluoride and their complexes with electronic donors; 
Lewis acids such as SnCl 4 , ZnCl z , FeCl, A1C1 :; , SbCl, TiCl-. etc. 
and their complexes; metal salts of organome t ai 1 1 c acids such as 
sodium acetate, zinc naphtnenate, cobalt napiit henat e , zinc 
o c t y late, tin o c t y late, etc.; me t a i h c r o f 1 u o r i u e s u c 1 1 as z i n c 
ccrof iuoride, tin borof 1 uon de , etc.; organic boric esters such 
ethyl borate, methyl borate, etc.; alkalis such as sodium 
hydroxide, potassium hydroxide, etc.; titanic esters such as 
t e t ranut oxy 1 1 1 an lum, t e t ra i s ooropoxy 1. 1 1 an r um , etc. ; meta^ acetic - 



bu t v 1 i lie , t r i - ii - our y 1 ami re , dimethyl henzyl amine , tris-2,4,'5- 
dimechyiaminophenol , guanidme, biguamde, imidazole, 1, 5-iiazo- 
01 :yclo ( 4 , 1 , 0 ) nonene , 1,8 -di azooi cysl : (5,4,0) undecene - 7 , et:. 
and their salts; highly fluc-rinated aliphatic sulfonic salts 
such as ammcmurr. t r i f luoronet hyl sui f mate , sodium t r i f luor i - 
mechylsulf onate , potassium. t rif luoromethylsulf onate , etc. ; 
highly fluonnaced aliphatic sulfonyl compounds such as NH 4 (CF : - 
50-) ~C*Pr , K ( CF.SO- > -CH , Ba [ ( CF~ SO- ) ~CH] - etc. are qiven. 

As curing catalysts which give good hardness and trans- 
parency, etc. of coating film and long pot life of coating 
solution among these curing catalysts, perchlorat.es, hydrochlo- 
rides, sulfates, carboxylates, amines and their salts, highly 
fluoridated aliphatic sulfonates and highly fluoridated aliphatic 
sulfonyl compounds represented by ammonium perchl crate , ammonium 
chloride, ammonium sulfate, ammonium nitrate, sodium acetate, 
imidazole and its salts, ammonium tri f luoromechylsul f onat e and 
bis (tr: f iuoromet hyl sul f onyl ) bromomec hyl a mm on i urn are suit aide . 

Lire , two cr mere of said various curing catalysts may be 
used together as curing catalysts contained in the composition 
for top coat in this invention. The amoorc of these catalysts i. s 
0.05 -■■ 10 : , preferably 0.1 5 wt* tc the solid of coating com- 

/0 



halides, carboxylic acids, arctnati: compounds, e:c. can be 
given, and they can be used as mixed solvents of one, two or 
more of these 1 solvents. Lower alcohols such as methanol , 
ethanol, propanol , isopropanol, butancu, etc.; cellosolves such 
as methyl cellosolve, ethyl ::el ] osol ve , butyl cellosolve, etc.; 
L~wer carboxylic acids such as formic acid, acetic acio, 
propionic acid, etc.; aromatic compounds such as toluene, 
xylene, etc.; esters such as ethyl acetate, butyl acetate, etc.; 
ketones such as acetone, methyl ethyl ketone, methyl isobutyl 
ketone, etc. are preferably used separately or as mixed 
solvents . 

According to demand, a flow-controlling agent such as a 
fluorine surfactant, a block copolymer of alkylene oxide and 
dimethyls! 1 oxane , etc. can be added to obtain a smooth coating 
film. A sufficient amount of these flow-controlling agents is as 
small as 0.01 5 wt%,, preferably J . J 3 - 3 wt % to the wimole top 



by c : "vn-~:~ r ■ y p^^r.r-pn rna" :ng processes such as dioomu process, 
spraying process, roller coating process or flow coating process, 
etc., then a coating film with good abrasion resistance, 
adherence, hot water resistance and weather resistance is 
obtained by baking for 2 0 mm - 5 hr at a temperature of over 
11 "C and below the deformation temperature of substrate (e. g., 
15-0°C) and then curing. 

The preferable thickness of this top coating film is 1 - 10 
jjon, preferably 3 - 15 (in. if the thickness is less than 1 (im, the 
abrasion resistance is insufficient; if it becomes more than 10 
|irr., cracks easily occur. 

In this invention, a copolymer of an acrylic or vinyl 
monomer having an alkoxysilyl grooip and another monomer eopoly- 
merizable therewith is a copolymer having a structure expressed 
by a general formula in its molecular structure. 

tr 

- ( -CH^-C- ) - 

CUOChrLSiR ^ \ oR' ■ : 
(where R" is a hydrogen atom or methyl group, R is a C : 
hydrooarbyl group, R " is a C : - Ch hydrocarbyl , aikcxyalkyl group 
or a C; to acyi grout', and d is . 1 or 2. H" may re same group 
or may be a mixed group of different groups' or /and a general 



- ; - r h - c - ] - - 

SiR'h f OR" : 

(where F. ' is a C : - C. hydrocarbyl group, Fc~ is a C : - Ch 
hydro car by 1 , alkoxyalkyl group or a C : - C. ; acyl group, and e is 
0.1 or 2. F'/~ rr.ay be same group or may be a mixed, group of 
different- groups 1 , ana is obtained by addition polymerization of 
a monomer expressed by a general formula (3) 
R 6 

■rn : = r-cooc 3 H. 3 -si - ;oR r: ) - ; :i (3) 

or/and a general formula (4) 

-.9 

T e 

CH : = CH-Si- iOR :: ) 2 : (4) 
(where R' , R , R c , R', Pry d and e have above meanings) . When R'' , 
FC are mixed groups of different groups, a copolymer may be 
obtained by pc lymeri zat ion of monomers having different groups 
or may be obtained by polymerizing me>nomers having same group 
and then t ranses t er i f icat ion in the presence of an alcohol. 

In acrylic monomers having an alkoxysilyl group expressed 
by the general formula (3), e. g., alkyl groups such as methyl, 
ethyl, propyl, butyl, etc.; aryl groups such as phenyl, etc.; 

/ 7 



formula (3); various compounds are used depending upon the kind 
of Ft , R , R" and rue number of d iri this invent ion, e. g., 
rompounds as follows are given as specific examples. These 
compounds are y- (meth) acryl cxyp r :pyl trimethoxysilaue , y- >meth) - 
a o r y I oxy - p r ep>y 1 1 r i e t hex y sola n e , y - ( ne t. h ) a o r y 1 oxypi r opy 1 me t hy 1 - 

dimethoxysi 1 ane , y- (meth) acryloxypropylmet hy ldiet hoxysi Lane, y- 
(aieth) a orylcxyp>rop>ylolimethylmet hco:ysilane , y- (meth; acryl oxy- 

propy Id imet hylethO'xysi 1 ^ne, etc . 

In vinyl monomers having an alkoxysilyl group expressed by 
the general formula (4 1 , -groups same as said R are given as R 9 
and groups same as said Ft" are given as R'", and various 
ocmpounds are used depending upon the kind cf Pu , R"° and the 
number of d in this invention, e. g., compounds as follows are 
given as specific examples. These compounds are viny 1 t rimet hoxy- 
si lane , vinyl t net hoxysi lane , vinyl t ris ' P~methoxyet iioxy ) s 1 1 ane , 
v i ny 1 1 r :acet o xy s i 1 a n e , v i ny 1 me t h y 1 d i me t h o xy s r 1 a n e , v i ny 1 me t hy 1 - 
diethoxysi 1 ane , viny ldi met hyl me t h oxysil ane , vmyldimet hylethcxy - 
siiane, etc. 

The following monomers are given as othei: monomers 
f ormul as - 3 ■ , ■, 4 ' . These monomers are met: hvl , met h acrhate, 



^verai 



uireadabie 



: ransiarcr 



urate , 



hydroxy ethyl (me:h) acrylate , butyl ene glycol mono (met h) acrylate , 
glycerol mono (meth? acrylate, polyethylene glycol mono (meth) - 



a z i v 1 a t . " , po 1 yp rop y ^ 



■ h 1 



(meth) a crylace , dimet hylarni rioethy 1 mono (meth) acrylate , d i me t hy 1 - 
am l.nce: hyl (meth) acrylate , diethyl amnioe thyi (me th ) acrylate , 
d i-but yl anmoethyl imeth'i acrylate, dime thy laminopropyl (meth) - 
acrylate, diet hylarni r.opropy] (metht acrylate, '(metro acryl amide, 
methylcl (meth) acrylami de , (meth> acrylic acid, crotcnic acid, 
maleic acid, itaconic arid, styrene, vinyl toluene , vinyl 
acetate, acryioni t r i le , allyl alcohol, etc., but. any monomers 
may be used if they are cop olymeri zable with the monomers 
expressed by the general formulas (3; , (4) . 

1 - 7 0 wt%, preferably 2 4 3 wt% and more- preferably 2 
30 wt% of the moncmers expressed by the general formulas (3), 
(4 J are contained in the copolymers obtained by polymerization 
therewith. If the content is loss than 1 wt % , the adherence with 
the prime coating film and the top> coating film comprising an 



oraarior civs: ioxane oout a mina cc 1 1 cm da 1 



ica reduces ; 



more than 7 0 wt<, the aanerence 



saia on me coatinq tnrn 



said u c i w a r o c n a t tr :vs 



300 , 000 , preferably 



. a i /; . 



is .ess tiia: 



aanerenc 



ibstrate reduces; i: 



more than 3 00,00; 



;eararce 



coating film is harmed, thus these cases are undesirable. 

As the curing catalysts used in the prime coating omr is : 
tion cf this invention, Namely, inorganic acids such as hydro- 
chloric acid, sulfuric acid, nitric acid, phosphoric acid, 
perchloric acid, etc.; organic acid such as fnrmy acid , acetic 
acid, propionic acid, p-toluenesulf onic acid, oxalic acid, etc.; 
metal salts of organomet a 1 1 ic acids such as zinc naphthenate, 
cobalt naphthenate, lead naphthenate, zinc cccylate, tin 
octylate; amines such as n-butylamme , d i - n - butyl ami ne , diethauol- 
amme, 3 - 1 riethcxysi lylpr :-pyl amine , imidazoles, etc. ; borcn 
tri fluoride and its complexes with electron donors; organic boric 



•cers such as methyl borate, ethyl borate, etc.; croanic 



. l q * i □ 1 s s i a. s i_ e l i q ~ j. a ~ n u jxv ^ 1 1_ a u i um a 



and 1 1 



et ra isopropoxyt it annum and its ol igomers , dusopropcxy- 
is i acet yl ace tonate ) titan ium, di -n-butcxybi s ■ c r let han clami nat e ) 



ammonium salts such as tet ramethylammcnium chloride, 



riGtnvi 



oenz eneaniron ::. urn cn^or: 



met a- acet to ace t era t es sue:: as 



chr jimum acetyl acet : nat e , t i tanium acet vl acet onate , a lummum 



are 



;qar:i C 



amines, metal acetyl acetcnates , organic titanates, etc. can be 
given as catalysts giving more excellent adherence to the 
polycarbonate resin substrate of coating film and a long pet 
life of ccatmg solution. 

One, two or more of the said various curing catalysts may 



used together. The amount of curing catalyst: 



10 



wt%, preferably 0.1 - 5 wt% to said copolymer. If the amount is 
less than 0.01 wt % , the effect as curing catalyst is not found; 
if it is more than 10 wt%, the stability of coating solution 
1 owe r s . 

As cross - 1 mki ug agents used in the prime coating of this 
invention, compounds having a 



leas: 



ii y ^ ^_ w A. V i. 



groups in one? molecule such as ethylene glycol, propylene 
glycol , but arediol , 



nexaned: 



ne or 



net utoeiie 



;n\oene ^ . vo a . , ci; vct^nit t. rimet h\o ol orooane , tenta- 



irc oera t e ; 



A 



oxy r s i l are , 



Y ~ g — vc i QC; x vr r coy — 



t r imethoxys i lane , y " ami nop rc py 1 i et hoxys 1 1 are 



t ne i r 



1 V Z S L 6 ; 



. i soc v a ii a t e s s u c n a s 



1,6- nexamer hylene dus jcyanate , isophorcn 



yiene ai:s :cyar^:e, 
^ di :3:cyana: e , etc. 



are given, and compounds having at least two alcoholic hydroxy 1 
groups in one molecule are most preferable among them. Tnese 
oross- 1 inking agents may be used separately or by combining to 
or more of them. 



aqor 



The amount of cross- li 
said copolymers, and the amount is more preferably decided so 
that the reactive groups (e. g., the alcoholic hydroxyl groups 
in the compounds having at "'.east two alcoholic hydro-xyl groups 
m one molecule) become 0.1 1.0 equiv. , preferat ly ■"■ . 1 - 0 . 6 
equiv . 

Solvents and various additives are further added to the 
above components to make the composition into a prime coat. 

As one solvents, alcohols such as methanol, etnanol, 
isopropanol , butunol, iiacetone alcohol, etc.; etners such as 
ethyl ether, ethylene glycol dimethyl ether, tetrahy irofuran, 



earbcxv 



a:ia, ace::c 



c . ; aliphatic hydrocarbons si:h as ii-pentane, n-hexane, 



■heptane, etc.; aromatic 1 hydrc carbc ns such as benzene, 



ene , 



xylene, etc. ; halcgenated hydro z arbc us such as dich ol oromethane , 



"1 phi "V- j-j t" l-i-r] , r 



1 1 ? 



di oho 1 ire et. hane , t r i ch Loroech =ine , 
t n :hloro - 1 , 2 , 2 - 1 n f luoroethane , etc. ; nitre ccmpcunds such as 
ui : romethane , nitre ethane , nit ropr opane , et:. ; nitriles such as 
acetorn t rile , or op i en it r; le , buty r <: ni t rile , beriz on cr i le , etc. ; 
amides such as fcrnamide, ace t amide, N , N- dimethyl fcrmamide , et:. 
:an be given, and they may also be used by mixing. 

Flow-controlling agent, UV absorbent, UV stabilizer, anti- 
oxidant, etc. :an be given as additives. 

As flow -centre L 1 mg agents , ocinr.ero lal £ li:r~i ne surf a rtant s , 
block copolymers of alkyiene oxides and dimet hy lenesi 1 oxanes , 



. are given, 0 - b wt%, preferably 0 - 3 wt* 



jw- z nit r< 



'oimuosi: ion 



ling agents are used in the prime roa* 
As UV absorbents, benzopneioo: 
me t hoxyb enzophenone , 2 - hydroxy - 4 - oc t oxybenz ophenone 



s u c h as 2 - h yd r cxy - 4 - 

2,4- 



r - f - ■ 



' -dihydroxy-4 -methoxybeiizophenene , 



benz ot riazole , 2- / ' -hydroxy-di - t - 1 utylphenyl ) - 5- chlor jbenz j- 

triazole, etc.; cyanoacryla tes such as ethyl -2 -cyan:- - 
di phenyl acrylate, etc. are given, and 1 2 CO pt cf 'JV 

absc>rbents are used in 103 pt of acrylic copolymers or vinyl 
copolymers in the prime coat compos 1 t 1 c n . 

A p " me f" 1 o a 1 1 n 7 ^~ 1 1 rvi is " b*~ a ^ red ic v ato o 1 v i T ^ cr *~ h e o ^~ t it e c ^ a t 
composition comprising the above components to the surface of a 
pody carbonate resin molded ohcect and then baking the resultant 
coating film at a temperature lower than the thermal deformation 
temperature of said resin molded 'Object. 

Application processes are commonly performed by dipping 
process, spraying process, roller coating process, flew coating 
process, etc., and the baking is carried out at 70 - 130°C for 20 
mm -- 5 hr. A preferable thickness of said resultant prime 
ocacmg film is c . 1 - 5 \im, the solid content in the prime coat 
composition is regulated with aforesaid solvents in accordance 
with the application processes and conditions so as to obtain a 
desirable thickness, but the solid content of the prime coat 
cc-mpc-si t ic n is generally 1 2 0 wt%. 

As polycarbonate resins applicable for this invention, e. 
g., bi sphericl - * y: ■ ■ to Iv ■ ; : ; : . r ■ : ■ no. • sue. ; o i sop ropy 1 i - 

denediphenol polycarbonate, etc. , besides, other polycarbonates, 



a n a ! Po 1 \ r c3. ifjb en a t & s \ o v c n r i s 



The polycarbonate resins are usee as various mcaea 
g., speetaole lenses, ski goggles, dcor, automobile 
Aindcw, partition, etc. 

The :oa:mg film layer of said coated polycarbonate resin 
melded objects based on this invention can be dyed cr colored 
according to demiand . Its dying process is carried cut, for 
example, by dipping an object m a dyeing van, m which a common 
dispersion dye, a dispersant and a pH-regulating solution, etc. 
are added into water, at 85 - 95°C under a condition of 5 - 30 
mm. Thus, an dyed object with excellent abrasion resistance is 
obtained. 

This invention will be illustrated in more detail by actual 
examples below, but this invention is not limited by these 



Estimations of properties were performed by the foul owing 
methods . Namely, 

Abrasion resistance: It was judged by rubbing a sample with 
#10 01 steel wool and exammma the hardness of scratch as 



C: scratched even if rubc^ing weakly 
Adherence: 11 parallel lir.es were drawn longitudinally and 
transversely at a spacing of 1 mm on the coating film surface 
with a knife and a cellophane adhesive tape was adhered thereon 
iri a so-called cross-cut tace test, then the tape was peeled 
off, and the adherence was expressed by the number of non-peeled 
meshes in 100 meshes. 

Ho t w ater resistance: The state of a creating film after immersed 
for 1 hr in boiling water was examined. 

Heat resistance: The state of a ccating film after stored for 
100 hr in a hot-air (drying furnace of 120"C was examined. 

Chemical resistance: The state cf coating film after stored for 

100 hr at room temperature in the following chemicals was 
examined . 

3* sulfuric acid, 1% sodium hydroxide, 95% ethanol, 
acetone, ethyl acetate, cart' on tetrachloride, toluene, n- 
heptane, 10% table salt water. 
[Actual Example 1] 

A top coating and a prime coating were prepared as follows, 



acid solution were mixed and hydroiyzed at 6C - S5~C for 2 hr 
wh lie re f 1 ux i iig . 

The resultant solution comprised 12.2% of a hydrolyzate of 

y -g lyo i ioxypr on y 1 1 r imet hoxys 1 1 ane calculated as CH : - OH-OH—O- 0:H — 

\ / 

S .i 0 . : . , 15.3% of a hydro! y^at e of methyl tnmethoxysilane oalcu 
lated as CH^SiCt.s and 3.1% of colloidal sili::a calculated as 
Sio . 

73 pt of ethyl eel iosolve , 1.3 pt:. -of ammonium per ::hic rate 
and a little of a flow-controlling agent were added to 410 pt of 
the ternary hydrolyzate solution thus obtained to take it as a 
t on i coat ing . 

(2) Preparation of prime coating: A solution dissolved with 
1.0 pt of benzoyl peroxide m 200 pt of ethyl cellosolve was 
added in 2 hr to a mixture of 400 pt of ethyl cellosolve, 190 pt 
of ethyl methacrylate and 10 pt of y -met hac ryioxypropyl 
trimethoxysilane; while keeping it to 75"C in nitrogen atmosphere , 
and the mixture was further kept to same temperature for 6 hr . 
Subsequently, 1,486 pt of ethyl eel 1 os: love , 2 pt of aluminum 
acetyl a :et onat e , 2.4 pt of 1 , 6 - hexanediod and 20 pt of 2,4- 
dihydroxybenoo^phenone were added to take it as a prime coating. 



This crime c o a h i n a w a s a nr i t=i o ro a dd . v ;~* a r >o o r. a t o s u c s t rat e 
washed beforehand, then heated and dried at 10C~C for 3G t:t in a 
hot -air drying furnace. 

Next, the top creating prepared m said ( 1 was applied to 
the pclycarbcnate coated with the prime coating thus obtained, 
tnen heated, dried and cured at 13CTC for 60 rem in a hot-air 
drying f urna:e . 

The coated polycarbonate resin molded object thus obtained 
was transparent, had abrasion resistance A, adherence 100/100, 
■good hot water resistance and heat resistance as well as good 
abrasion resistance A and adherence 100/100 after a hot water 
test , respect ively . 

Moreover, the appearance, hardness and adherence were 
extremely good after 1,5C0 hr c>f a sunshine weatherometer test. 
The chemical resistance was good in any chemicals, and an 
abnormality in appearance after the test was not recognized. 
[Comparison Example 1 ] 

It was carried out similarly as Actual Example 1 except 
that a prime coating was prepared without using aluminum 
acetylacetonate and 1 , 6 - hexanedi ol in Actual Example 1. The 
coated col vc a recreate resin melded object thus obtained was 



hot water resistance and heat resistance, but the adherence at 
1,000 hr of a sunshine weat herometer test was 0/100. 
[Oomparison Example 2] 

A solution dissolved with 1.0 pt of benzoyl peroxide in 2 10 
p: ::-f ethyl ce \ \ : sc . ve was added m 2 hr to a rrixture of 400 pt 
of ethyl celloselve and 2 00 pt of ethyl Tiethacrylate while 
keeping it to 75 in nitrogen atmospriere, and the mixture was 
kept to same tem.perati.n~e fro' 6 hr. Subsequently 1.400 pt of 
ethyl cellosolve and 20 pt of 2 , 4 - dihydroxybenzophenone were 
added to> take it as a prime coat . 

This prime coating was applied to a polycarbonate substrate 
washed beforehand, then heated and dried at 1 3 J C C for 30 mm in a 
hot -air drying f u mace . 

Next, the top coating used in Actual Example 1 was applied 
to the polycarbonate coated with the prime coating layer thus 
obtained, then heated, dried and cured at 130 "C for 60 mm. 

Tne coated polycarbonate resin nioiued object thus C'btamed 
was transparent, had abrasion resistance A, adherence 100/110, 



w hi 1 e K6 6pinQ it to 1 0 0 0 ~ C in n 1 1 r C 1 q sn at m o s c nsrs , t h 6: n t h6 
mixture was further kept to same temperature for 2 hr . 
Subsequently, C.5 pt of azcb;s:sobu:yrco:tr:he dissolved m 200 
pt of tucyl cellusolve was added at same temperature in 1 hr, 
then the mixture was further kept, to same temperature for 3 hr . 
2 2 0 pt of butyl eellusolve, 1 pt of hexaki smet hoxy methyl 
me 1 amine, 0. 06 pt : f p- 1 iluenesulf onie aoid and 36 pt of 2,4- 
dihydroxybenzophenone were added to take it as a prime coating. 

This prime coating was applied to a polycarbonate substrate 
washed beforehand, then heated and dried at 120 ; "C for 30 mm in a 
hot-air drying furnace . 

Next, the t cp ccating used in Actual Example 1 was applied 
to the p: lycarbonate coated with the prime 1 coating layer thus 
obtained, then heated, dried and cured at 130'C for 60 mm. 

The coated polycarbonate resin molded cb~ ect thus obtained 
was transparent, had abrasion resistance A, adherence 100/100, 
but the adherence after the hot water test was C/100 . 

[Actual Example 2} 

A top coating and a crime' coating were prepared as fed lows, 
respect i vely . 

il ] Preparation cf top coating: 60 pt of y -<glycidoxypropyl - 



solution were mixed and hyriroiyzed at SO - 3 5'"C for 2 or wh:~!e 
ref luxing . 

Toe resultant solution ccoprised S.6^r of a hydrolyzate of y- 

gly c 1 doxyprooyi t rime t hoxys i late calculated as 2K : - CH - Chh -C - C,1L - 

\ / 

S i - - J . . , 17.3% of a hydrolyzate of met hyl t rimethoxysiiane 
calculated as CPhSiCh.r: and 2.9% of colloidal silica calculated as 
SiO. : . 

42 pt C'f ethyl cellosolve, O.B pt of amncnium perchlorate, 
0.5 pt of aimcnium chloride and a little of a flow-controlling 
agent were added to 4 50 pt of the ternary hydrolyzate solution 
thus obtained to take it as a top> coating. 

(2) Preparation of prime coating: A mixture of 160 pt of 
methyl methacrylate , 40 pt of y -met hacryloxypropylt rimethoxy- 
silane and 2.0 pt of benzoyl peroxide was added to 300 pt of 
butyl cellusolve in 3 hr while keeping it to 100 C C in nitrogen 
atmosphere ; the mixture was further kept, to same temperature for 
3 hr and then 360 ot of ethylene alvcol diacetate was added. 0.1 



/ 1 2 

pt of poluer.esulronace, 1.0 pt cf neoperityl glycol, 5.0 pt of 
2- 1 ' - hy droxy- r - ocr ylphenyl ' benzot r lazole and 255 pt cf butyl 
:e!losolve were added t: 215 pt cf the copolymer thus obtained 
to take it a? a prime coating. 

This prime coating was applied to .a polycarbonate substrate 
washed beforehand, then heated and dried at 13 0"'C for 3 0 mm in a 
hot -air drying furna re . 

Next, the tup coating prepared in said (1) was applied to 
the polycarbonate coated with the prime coating thus obtained, 
then heated, dried and cured at 130~C for 60 mm in a hot-air 
dry i ng furnace . 

The coated polycarbonate resin molded object thus :btamed 
was transparent, had abrasion resistance A, adherence 1 00/100, 
and abrasion resistance, adherence aftei a hot water test were 
also as good as A and 100/ 100, respectively. Moreover, the 
appearance, hardness and adherence were extremely good after 
1,50 j hr of a sunshine weat heromet er test. 

[Actual Example 3] 

A prime coating was prepared as follows. 

I. 7 pt cf cobalt :iapht henat e .containing - cobalt , 3 . 6 pt 



it as a prime coating. 

This prime coating was applied to a polycarbonate substrate 
washed beforehand, then heated and dried at 12 0 C for 3 0 mm in a 
hot-air drying furnace . 

Next, the top coating prepared in Actual Example 2 was 
applied to the polycarbonate coated with the prime coating thus 
obtained, then he£ited, dried and cured at 130'dg for 6 0 mm in a 
ho t - ai r drying furnace . 

The coated polycarbonate resin molded object thus obtained 
was transparent, had abrasion resistance A, adherence 100/100, 
and abrasion resistance, adherence after a not water test were 
also as good as A and 100/100, respectively. Moreover, the 
appearance, hardness and adherence were extremely good after 
2,000 hr of a sunshine weatherometer test. 

[Actual Example 4] 

A top coating and a prime coating were prepared as fed. lows, 
respect l vely . 

(1) Preparation of top coating: 61 pt of y -glycidoxypropyl - 



gly uidoxyp ropyl t r ime t hoxys i 1 ane calculated as CH ; , - CH - CH : - 0 - Ct rh - 

\ 

0 

S i - T. : . , 12.1% of a hyirolyzate oz methyl trimethcxysilane calcu- 
lated as CH:Si and 9.1% of collcidal silica calculated as 
Si On . 

o>? pt of ethyl cellosolve, 1.6 pt of solium acetate and a 
little cf a f low-controlling agent were added to 417 pt of the 
ternary hydrolyzate solution thus obtained to take it as a too 
coat ing . 

(2) Preparation of prime coating: A mixture of 90 pt of 
methyl me t hacryl at e , 10 pt of y -met hacryloxypropyl trimethoxy- 
silane and 0.3 pt of azobisbutyrouiitrile was added to 320 pt of 
n-butyl acetate in 2 hr while keeping it to 90°C in nitrogen 
atmosphere, the mixture was further' kept to same temperature for 
5 hr . Subsequently 760 pt of butyl cellosolve, 5 pt of a 10% aque - 
ous di - n-h-utyiamine solution, 1.1 pt of diethylene glycol ani 2 1 
pt of 2- ,2' -hydroxy- ' - t -butylp heryl ' 1: eiizot r iazode were added to 
take it as a prime coating. 

This prime coating was applied to a polycarbonate substrate 
washed beforehand, then heated ana dried at 13 Cot for 3 0 min in a 
hot-air drvoroo furnace. 



Next, the top coating prepared in said (I; was applied to 
the polycarbonate coated with the prime coating thus obtained, 
then heated, cried and cured at 1.30 C for 60 nun in a hot-air 
drying furnace . 

The ! ~" ! ~'a *~ e d xz 1 \ rr ^ a r h ~> na t ~ * r 1=1 s i r mo ^ c e d o b ~i ^ ^ f~ *~ ^ u s c ; b *~ a i ri e 1 
was transparent, had abrasion resistance A, adherence 1 0 0/100, 
and abrasion resistance, adherence after a hot water :est were 
also as good as A and 100/100, respectively. Moreover, the 
appearance, hardness and adherence were extremely good after 
1,500 hr of a sunshine weat herorneter test. 

[Actual Example 5] 

It was carried out in all the same way as Aotual Example 3 
except that vmyltriethoxysoLane was used in place of y~ met h- 
acryloxypropylmethyldimethoxysilane in the preparation of the 
prime coating of Actual Example 3. 

The resultant coated polycarbonate resin molded object was 
transparent, and the abrasion resistance, adherence after the 
hot water test were A, 100/100, respectively. Moreover, the 
appearance, hardness and adherence were extremely good after 



'■' 1 ' ? re to a rd t ic>n of tor' ^cs 1 ! ino : 8 0 to *~ of v - a 1 T /r 1 , i~;xvnro]0\ r l ~ 
t rimethoxysil ane , 86 pt :f methyl tnmethoxysi lane , 2 I ] pt of a 
colloidal silica (Snowtex-C, solid cor.tent 2G* , nade by Nissan 
Onemical Co., Ltd.':, 90 c: of isopropyl alcohol and 33 pt of o.l 
N aqueous hydrochloric acid solution were mixed and nydrolyzed 
at SO - 8 3°C for 2 hr while re fluxing. 

The resultant solution comprised ll. 3% of a hydrolyzate of 

y -g lyc i dcccoprcpyl t r omethoxys 1 1 ane calculated as 0H : -CH-- 0H :: -0- ChHr; - 

\ / 
O 

Si-O;.^, 3.5% of a hydrolyzate of methyl t rinethoxys: lane calcu- 
lated ets CPhSiCt.s and &.5% of colloidal silica calculated as 
SiO. : . 

66 pt; of ethyl cellosol ve , 1.3 pt of f! - ethyl - 4 -methyl - 
imidazole and a little of a f low- control l ma agent were added to 
4 17 pt of the ternary hydrolyzate solution thus obtained to take 
it as a top coating. 

(2) Preparation of prime coating: A solution dissilved with 
1.0 pt of benzoyl peroxide m 200 pt of ethyl eel losolve was 
added in 2 hr too a mixture of 4jC pt of ethyl celioscive, 14 0 pt 
of ethyl met hacrylate , 4C pt; of glycidyl methacrylat e and 20 pt 
of y ~ me — acr y- ox YP rC: pyl t r imethoxysiiane while keeping it to 75'C 
m nitrogen atmosphere, and the mixture was further kept to same 



This prime coating was applied to a polycarbonate substrate 
washed beforehand, them heated and dried at 13 0 "C for 3 0 mm in a 
hot-air drying furnace. 

Next, the tcp coating prepared in said, (1) was applied to 
the polycarbonate coated with the prime coating thus obtained, 
then heated, dried and cured at 120~C for 60 mm in a hot-air 
drying furnace . 

The coated polycarbonate resin molded object thus obtained 
was transparent, and abrasion resistance, adherence after a hot 
water test were as good as A, 100/100, respectively. Moreover, 
the appearance, hardness and adherence were extremely good after 
1,000 hr of a sunshine weatheromet er test, but the adherence 
reduced to 8 3/100 after 1,500 hr. 



